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EFFECT OF THYROXINE ADMINISTRATION ON THE METABOLISM OF
GUINEA-PIG SKIN5
RUTH K. FREINKEL, M.D.
A recent communication from this laboratory
suggested that a derivative of thyroid hormone
may affect the state of the skin in acne vulgaris
(1). Although the importance of thyroid hormone
in maintaining normal cutaneous structure and
function is evident from the alterations in the
skin in states of thyroid dysfunction, little is
known of the precise effects of this hormone on
the skin.
It has been documented that thyroid hormone
is necessary for the maintenance of normal hair
growth (2). Eartly, Grad and LeBlond noted
that mitotic activity and epidcrmal thickness
were decreased when thyroideetomized rats were
treated with thyroid hormone (3). The phos-
phatase activity of pigeon skin (4) and hex-
osamine content of dwarf mouse skin (5) is
increased by thyroxine administration. Sparse
and conflicting evidence exists on the effects of
the thyroid on skin lipids. Abelin (6) reported
an increase in cholesterol in hyperthyroid rat
skin, but more recently it has been suggested
that the increased rate of cholesterol synthesis
in rat liver is not shared by the skin (7).
The changes induced by experimental thyro-
toxicosis in the metabolic activities of various
tissues in vitro have been extensively studied.
Augmented oxygen consumption, uncoupling of
oxidative phosphorylations and changes in lipid
metabolism have been reported in various tissues
(8, 9, 10). The influence of thyroid hormone on
carbohydrate metabolism has received relatively
little attention. However, the effects of thyroxine
on the respiratory activity and carbohydrate
metabolism of the skin has not been examined.
In a continuing investigation into the effects
of thyroid hormone on the skin, we have cx-
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amined the effects of thyroxine on the metabolic
activity of guinea pig skin. The findings further
document that the skin is responsive to thyroxine
and that its metabolic activity is profoundly
affected by this hormone.
METHODS AND MATERIALS
1-thyroxine was dissolved in 0.1 ml 1 N NaOH
and diluted to 0.01 N with saline containing 10
per cent guinea pig serum. Final concentration of
thyroxine was 0.2 mg per ml. Control solutions
were prepared to contain 0.01 N NaOH in serum-
saline. Fresh solutions were prepared weekly and
stored in the refrigerator.
Female guinea-pigs weighing from 150 to 300
gm. were obtained in groups of six animals matched
for age and weight. Throughout the experiment
animals were fed ad libitum on Purina guinea-pig
chow and weighed three times a week. In each
group, 3 animals were injected with 0.5 ml
thyroxine solution and 3 received 0.5 ml of control
solution. The injections were made subcutaneously
in the back 6 days a week for 2 weeks. At the end
of this time, the weight of the thyroxine treated
animals averaged 76 per cent of the control group.
The animals were sacrificed by a blow on the
head; abdominal hair was removed with clippers
and abdominal skin excised. The excised skin
was dissected from subcutaneous tissues; complete
removal of subcutaneous tissues was verified
histologically. Discs of whole skin were cut with
an 8 mm surgical punch. Three discs comprising
an area of 1.5 em' and weighing from 54 to 129
mg were used in each incubating vessel.
Tissue were incubated in 1 ml of suspending
medium supplemented with 2 mg of glucose and
100 u. each of penicillin and streptomycin. Two
types of buffers were employed simultaneously in
most instances, a modified Krebs-Ringer phos-
phate (KRP) and Krebs-Ringer bicarbonate(KRB). In the case of KRB the glucose con-
tained uniformly labelled glucose-C'4 (1 Me/mi).
In some experiments, glucose was omitted from
KRP. Except in experiments where the effect of
substrate concentration was assessed, all measure-
ments were performed on duplicate vessels.
For determination of oxygen consumption,
tissues were incubated in KRP in 5 ml Warburg
vessels containing 0.05 ml 20 per cent NaOH in
the center well. Gas phase was air. Incubations
were carried out for 3 hours at 37.5° C. Oxygen
consumption was determined by standard mano-
metric techniques at 15 minute intervals. For all
other analyses tissues were incubated at 37.5° C
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TABLE 1
Effect of thyroxine on respiration and glucose
assimilation of guinea-pig skin
Con- Thyro-. % of
trol xine
143 177 123
104 224 215
278 278 100
170 185 108
160 230 143
151 172 114
177 214 121
167 276 165
173 283 163
229 246 107
256 263 103
218 264 121
120 188 156
Mean5... 9.76 12.06 123 180 230 133
* See Table 2 for statistical analysis.
in 1 ml KRB in specially prepared vessels (11)
for 3 hours in a Dubnoff metabolic incubator.
Gas phase was 5 per cent C02/02.
Disappearance of stable glucose from the me-
dium (glucose assimilation) was assessed by the
glucose oxidase method; lactate concentration in
the medium was determined by the method of
Barker and Summerson. Evolved CO2, pre-
cipitated as BaC'40,, and tissue fatty acids were
assayed for radioactivity. Details of analytical
technique have been described elsewhere (11).
In order to determine dry weight, tissues were
dried overnight at 1100 C and then placed in a
dessicator and weighed to constaot weight.
Area has been employed as a reference standard
for expression of results rather than weight, be-
cause of greater reproducibility. Random varia-
tions in the thickness of the dermis, which con-
tributes the ma) or portion of tissue mass but is
relatively inert metabolically, introduce an in-
constant error which can be obviated when area
is the reference standard.
The statistical significance of the effects of
thyroxine administration was evaluated by testing
the ratios of observed values in control and ex-
perimental vessels for each experiment for a
deviation from unity. The common logarithms of
the ratios were employed, "Student" t values
were calculated from the mean and standard
errors of the mean of the log forms of the ratios
(12). The analysis of the relative changes effected
by thyroxine tended to obviate the errors induced
by the normal biological variation in all animals.
TABLE 2
Statistical analysis of the effect of thyroxine on
metabolic actirity of guinea-pig skin
,,* Meant SEM t p
Q02 9 .0887 .0165 5.30 <.01
Glucose assimilation.. 13 .1146 .0268 4.29 <.01
C'402:% of added
counts 10 .0494 .0981 1.52 <.10
Lipids C'4:% of
added counts 10 .0303 .1080 .88 <.40
C'402:% of assimi- 10
lated glucose .0603 .02652.60 = .05
Lipids C'4:% of as- 10
similated glucose... .0916 .02893.17 <.01
t Mean and standard error of the mean (SEM)
calculated from the common logarithm of tbe
ratio of the absolute values observed in experi-
mental and control tissues.
RESULTS
The effects of thyroxine on oxygen consump-
tion and glucose assimilation of excised guinea-
pig skin are summarized in Table 1. The increase
in both moieties following hormone treatment
was small but statistically significant (p < 0.01,
Table 2).
It was of interest to determine whether the
increase in respiratory metabolism was dependent
on exogenous substrate. Table 3 represents a
typical experiment in which the effect of sub-
strate on oxygen consumption was examined.
The addition of glucose did not augment QO
in control tissues and tissues from thyroxine
treated animals exhibited increased oxygen up-
take in the absence of exogenous substrate.
The disposition of assimilated glucose was also
assessed. Appearance of lactic acid in the medium
was measured in 3 experiments (Table 4). In
all eases, there was increased production of
lactate in the thyroxine treated group. In two
of the experiments this was proportionately
greater than the increase in glucose assimilation.
Comparable augmentation of C'402 production
and C'4-fatty acids did not occur. In 10 experi-
ments, an average of 0.780 and 0.898 per cent
of added glucose counts appeared as CO2 in
control and treated tissues respectively. This
difference, however, was not statistically sig-
Oxygen Consumption
gl/cm')
Glncnse Assimilation
(sgm/cm')
Control Thyrox- : % of
me control
Exp't. No.
3
5
6
7
8
9
10
11
12
13
14
19
20
9.65
9.11
9.60
10.64
9.39
10.20
12.80
9.80
9.65
12.65
13.90
11.30
11 .88
12.89
14.00
14.10
11.88
11.15
131
152
151
112
137
137
110
121
116
* is = number of experiments.
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TABLE 3
Effect of added substrate on oxygen consumption of
guinea-pig skin after thyroxine pretreatment
(Incubating medium: Krebs-Ringer phosphate with
or without (—) mg glucose/mi)
Oxygen consumption (1 per cm' per hr)
Control Thyroxine
Animal
1
2
3
—
12.3
10.2
8.7
+
11.9
10.8
10.2
Animal
5
6
7
—
12.9
14.7
14.0
+
16.6
14.7
12.7
Average 10.4 10.9 13.5 14.6
TABLE 4
Effect of thyroxine on lactate production by
guinea-pig skin
(Glucose = glucose assimilated from me-
dium/cm2, Lactate = gm glucose appearing as
lactate in medium per cm2.)
Control Thyroxine
Exp't.No. Gluocose
assimila-
tion
(5g/cm')
Lactate
produc-
tion
(5g/cm2)
% of
glucose
as
lactate
Glucose Lactate
produc-
assimila- tion (gtiOfl gm/(5gm/c,n2, cm')
of
glucose
as
lactate
12
13
14
173
229
256
31
72
78
18
31
30
283
246
263
78
98
83
27
39
31
Av 219 60 26 264 86 32
nificant (p > 0.10, Table 2). Similarly, while
0.0804 and 0.0896 per cent of added counts were
observed iii fatty acids of control and treated
tissue respectively, the difference was also not
statistically significant (p > 0.40, Table 2).
Although the induction of thyrotoxicity did
not significantly alter the absolute appearance
of glucose carbon in CO2 and fatty acids, the
relative disposition of assimilated glucose carbons
was affected (Table 5). When calculated as a
percentage of assimilated glucose the production
of C1402 from the skin of treated animals averaged
88 per cent of control values (p = 0.05, Table 2).
The utilization of assimilated glucose carbon for
C'4-fatty acids was 85 per cent of control values
(p < 0.01, Table 2).
It seemed conceivable that few changes ob-
Meanf... 9.18 8.67 88 .99 .82 85
TABLE 6
Weights of 1.5 cm2 whole guinea-pig skin
mg Wet Weight
Control Thyroxine
92 114
108 105
78 93
84 54
96 85
137 124
111 118
116 129
91 109
91 96
100 103
served might have been due to alterations in the
structural components of the skin. Routine
histological examination demonstrated no gross
differences between the skins of control and
thyroxine treated animals. Although area was
used as a convenient reference standard, the
weights of identical areas from controls and
treated animals showed no consistent variation
(Table 6). Similarly, wet weight/dry weight
TABLE 5
Effect of thyroxine on the disposition of glucose C'1
by guinea-pig skin
Per Cent of Assimilated Glucose Counts
as C1402/cm2
Control Thyrox- :
of
con-me trol
as fatty acids C'4/cm'
Control Thyrox-.itle tm1
Exp't. No.*
3
5
6
7
8
9
10
11
12
13
9.90
14.00
4.85
7.78
11.60
13.00
7.30
11.10
11.70
7.95
7.68
11.30
3.87
8.67
6.96
12.30
7.25
11.20
9.50
8.00
77
81
80
112
60
94
99
101
81
101
.53
1.63
.27
.46
.78
.80
.99
.97
1.78
1.70
.43
1.56
.18
.48
.65
.76
.62
1.21
1.09
1.23
81
96
66
104
83
95
62
124
61
72
* Experiment numbers the same as in Table 1.
t See Table 2 for statistical analysis.
Wet Weight/Dry Weight
Control Thyroxine
Exp't. No.
3
9
10
11
12
13
14
16
19
20
Av
5.7
5.7
4.5
4.4
5.0
5.8
5.2
3.6
5.5
5.0
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ratios of whole skin were not significantly altered
by thyroxine administration, suggesting no con-
stant variation in water content.
DIScUsSION
From the present data it may be concluded
that induction of thyrotoxicosis with 1-thyroxine
affects the metabolism of whole guinea-pig skin.
The demonstration of an increase in oxygen
consumption warrants the inclusion of skin
among the tissues, the oxidative metabolism of
which is responsive to thyroid hormone; as
opposed to certain other tissues (i.e., testes,
brain, spleen and ovary) (13) in which this
phenomenon is not observed. The augmentation
in oxygen consumption occurs independently of
exogenous substrate, suggesting that there is
heightened mobilization of preformed substrate
or alteration in the oxidative disposition of such
substrates.
Examination of carbohydrate metabolism
revealed augmented assimilation of exogenous
glucose by the excised skin of thyroxine treated
animals. This was accompanied by an enhanced
formation of lactic acid. Stimulation of lactic
acid production by salivary glands from hyper-
thyroid rats (14) as well as by direct addition of
thyroid hormones to tissue cultures (15) has been
previously reported. The appearance of changes
in the assimilative capacity of the skin suggests
a teleologically attractive mechanism for a sus-
tained enhancement of oxidative metabolism
independent of the availability of preformed
substrates.
Several alternative explanations of the change
in the relative disposition of assimilated glucose
present themselves. Thyroxine has been shown
to uncouple certain rate-limiting oxidative phos-
phorylations in intermediate metabolism. Such
alterations in energy levels might account for
decreased CO2 production and lipogenesis.
However, sufficient high-energy phosphate bonds
were obviously available to permit augmented
glucose assimilation. Secondly, it is possible that
under the influence of thyroxine there may be a
selective stimulation of, or diversion to, certain
pathways of intermediate metabolism, resulting
in a net diminution of decarboxylation and
lipogenesis. This possibility has not been ex-
amined. A third and attractive possibility is
that induction of thyrotoxicosis did not produce
a change in the rate of catabolic and anabolic
processes; but that it increased mobilization of
other metabolites sufficiently to dilute the entire
two-carbon pool, thus reducing the specific ac-
tivity of two-carbon fragments derived from
glucose. Such a phenomenon could result in
fewer counts in CO2 and fatty acids derived from
glucose in the presence of unchanged or even
increased absolute production of these moieties.
Dissection of the disposition of various carbons
of glucose and of two- and three-carbon inter-
mediates may aid in defining the precise altera-
tions induced in catabolic and anabolic pathways
of the skin by the administration of thyroxine;
such work is currently in progress.
For the present, it may be concluded that in
addition to stimulating cutaneous respiratory
activity, the administration of thyroxine induces
an augmentation of glucose assimilation and
aerobic glycolysis and alters the disposition of
glucose carbons. Whether these changes are
brought about by direct action of thyroxine on
the skin or indirectly by altered vascularity or
hormone interactions cannot be stated. None-
theless, the presence of changes in cutaneous
metabolism in experimental thyrotoxicosis sug-
gests that alterations in metabolic activity may
accompany and underlie the clinical abnormali-
ties of the skin in states of thyroid dysfunction.
SUMMARY
The effect of pretreatment with thyroxine on
the metabolic activity of excised guinea-pig
skin has been investigated. It has been demon-
strated that:
1. Oxygen consumption is enhanced and that
this stimulation of respiratory activity occurs
independently of exogenous substrate.
2. Assimilation of glucose from the medium
is augmented and there is a concomitant rise in
formation of lactic acid.
3. Disposition of glucose carbon to carbon
dioxide and fatty acids is not increased and
relatively less assimilated glucose carbon appears
in these moieties.
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